A procedure was devised to detect and assay uridine 5'-pyrophosphate (UDP)-glucuronic add pyrophosphorylase in plant extracts. Substrates are UDP-glucuronic add and 32P-pyrophosphate, and the 32P-uridine 5-triphosphate produced is selectively adsorbed to charcoal. The charcoal adsorption procedure is a modification of that used to determine 32P-adenosine 5-triphosphate produced by adenosine 5'-pyrophosphate glucose pyrophosphorylase, and the modification gready improves the retention of uridine 5'-tnphosphate.
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was harvested daily from greenhouse-grown plants, dried under a microbiological hood during the day of harvest, and then stored at 2 C until used. Pollen stored up to 6 months was the source of enzyme for establishing optimum assay conditions. Freshly harvested pollen was germinated using procedures reported earlier (2, 3) , and pollen tubes were removed from the medium by suction filtration on Whatman No. 1 paper. Seeds of Zea mays (starchy hybrid WF9xM14) and Phaseolus aureus (mung bean) were germinated in darkness in a chamber maintained at 25 C and approximately 100% relative humidity. Maize seeds were placed in glass trays on paper towels moistened with 0.1 mm CaCl2. Mung bean seeds were planted in vermiculite moistened with tap water. At harvest, entire maize seedlings and excised mung bean hypocotyls were rinsed with glass-distilled H20 and immediately chilled on crushed ice.
Maize endosperm was obtained from ears of the inbred variety WF9 that were hand-pollinated with pollen from plants of the inbred M14. Developing seeds at the milk stage were removed from freshly harvested ears. Endosperms were dissected from these seeds and used immediately as the source of UDP-glucuronic acid pyrophosphorylase. APD-glucose pyrophosphorylase and UDP-glucose pyrophosphorylase were isolated from developing endosperm (22 days postpollination) of the sweet corn variety Illinois 677a.
Enzyme Isolation. The isolation medium used for pollen and for seedling tissue contained 10 mm HEPES buffer, 1 mM EDTA, and 1 mm dithiothreitol and was adjusted to pH 7.6. The medium used to isolate UDP-glucuronic acid pyrophosphorylase from maize endosperm resembled that used earlier for other endosperm enzymes (1) ; it contained 50 mm phosphate buffer, 5 mM MgCl2, 1 mm EDTA, and 1 mm dithiothreitol, all at pH 7.5. A similar medium was used for extraction of ADPglucose and UDP-glucose pyrophosphorylases except that 10 mM KCl was added and the pH was 7.
Pollen was ground with medium (100 mg pollen/0.5 ml medium) in a mortar for 4 min at 0 C. An equal volume of medium was added, and the homogenate was inspected under low power magnification. Cell breakage was typically about 75%. The enzymes of seedling and starchy maize tissues were extracted as for pollen, using 1 by production of 32P-UTP from 32pp as described in the text. Blank and blank values were 500 to 1,400 cpm. by use of: (a) small amounts of plant extract (made possible by the great sensitivity of the assay procedure); and (b) rather high substrate levels. These conditions ensure that substrate does not become limiting even though some hydrolysis by phosphatase undoubtedly occurs. The phosphorylated substrates may also protect the 32P-UTP from phosphatase action.
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Extensive preliminary studies led to the standard assay procedure that is described in the experimental section. These studies were prompted by an unexpected observation; the charcoal adsorption procedure for ADP-glucose pyrophosphorylase (12) gave much lower values for UDP-glucuronic acid pyrophosphorylase than did replicate assays in which labelea UTP was counted after separation from labeled PPi on thin layers of PEI- cellulose. The standard assay procedure incorporates the optimum concentration of trichloroacetic acid and the optimum amount of charcoal. These conditions were selected because there was good retention of labeled UTP (at least 70% of UTP formed by the enzyme was retained by the charcoal) and also low radioactivity in the blank assay tubes which lacked enzyme or UDP-glucuronate. The substrate and Mg2+ concentrations were also varied, and the concentrations selected for the standard assay represent optimum conditions for the pollen enzyme.
The UDP-glucuronic acid pyrophosphorylase activities of crude enzyme extracts from mung bean, maize, and lily pollen are presented in Figure 1 . In each case, activity was proportional to time and to amount of enzyme present in the reaction mixture. The abundant enzyme content of developing endosperm (Fig. 1A) indicates that the inositol oxidation pathway plays a role in cell wall biogenesis of endosperm cells. Lily pollen is a rich source of enzyme (Fig. 1C) , even when allowance is made for the fact that the pollen fresh weight includes only about 10% moisture.
Lily pollen resembles other actively growing plant cells (1 1) in that UDP-glucuronic acid pyrophosphorylase is far more active than is UDP-glucose dehydrogenase; pollen extracts exhibit about 180-fold more activity of the former compared to the latter enzyme ( Fig. 1 and ref. 2) . Extracts of lily pollen also exhibit considerably more UDP-glucuronic acid pyrophosphorylase activity (about 40-fold more) than glucuronokinase activity ( Fig. 1 and ref. 4) . This differential between adjacent enzymes of the inositol oxidation pathway points to glucuronokinase as a rate-limiting step.
As would be expected, the improved assay for UDP-glucuronic acid pyrophosphorylase also gives greatly increased activity with UDP-glucose pyrophosphorylase. The latter enzyme was assayed in crude extracts of maize endosperm (Table I) . Compared to the procedure devised for assay of ADP-glucose pyrophosphorylase (12), the modified procedure gave a 7-fold increase in retention of labeled UTP. Therefore, the modified charcoal adsorption procedure described in this paper should be used to assay all pyrophosphorylases that produce UTP. In contrast, the two procedures gave similar results when ADPglucose pyrophosphorylase was assayed (Table I) . Hence, ATP is less readily eluted from charcoal with trichloroacetic acid than is UTP.
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